Stable isotopes have been widely used in the literature both to discuss current ocean circulation processes, as well as to reconstitute paleoceanographic parameters. the distribution of oxygen and deuterium stable isotopes in seawater (δ 18 O sw and δD sw ) at the Western tropical South Atlantic border was investigated to better understand the main fractionation processes of these isotopes and establish a regional salinity and δ 18 O sw relation to improve the paleoceanographic knowledge in the region. this study was conducted during a quasi-synoptic oceanographic cruise in which 98 discrete seawater samples were collected in the core of the main water masses for stable isotope analysis. A strong correlation between δ 18 O sw and δD was found, which made it possible to extrapolate the results for δ 18 O sw to δD. Although it was not possible to distinguish the water masses based only on their isotopic signatures, the water masses had a strong salinity and δ 18 O sw relation, and compared with previous studies, a seasonal pattern was observed. Paleosalinity differences of up to 0.2 psu between Summer and Winter are reported. Considering the limitations of the current techniques to seasonally separate the samples for the paleoceanographic studies, an intermediate Mixing Line for the Tropical South Atlantic (SSS = 1.942* δ 18 O sw + 34.56) was proposed to reduce the estimated errors associated with these seasonal variations.
INTRODUCTION
the isotopic fractionation of both oxygen and deuterium in seawater (δ 18 O sw and δD sw ) is mainly controlled by cofactors, such as temperature and salinity. the use of these stable isotopes together with thermohaline data have been widely applied in paleoceanographic reconstructions based on different matrices (Holloway et al. 2015 , Merlivat and Jouzel 1979 , Minoura et al. 1997 , thornalley et al. 2010 , toledo et al. 2007 ) in order to better understand the transition between glacial and interglacial periods. Another important application of δ 18 O sw and δD sw is in oceanographic circulation studies (Benway and Mix 2004 , Conroy et al. 2014 , Craig and Gordon 1965 , Kroopnick 1980 , 1985 , Pierre 1999 , Pierre et al. 1991 , Venancio et al. 2014 . In addition to temperature and salinity, the stable isotope characteristics are imprinted in water masses according to their formation region. Although the δ 18 O sw and δD sw signature of the water masses is dependent on the physical fractionation processes, they can be used as deep ocean geochemical tracers in large-scale circulation (Pierre 1999) .
General ocean circulation is driven by density differences, which in turn are determined through the equation of state from temperature, salinity and pressure data. recent equipment improvements make it possible to measure these parameters with a high degree of accuracy and reliability. however, to reconstruct these parameters to the past, on paleoceanographic studies, the use of proxies is required. then, the stable isotopic composition of ice cores, carbonates and organic material has proven to be powerful proxies for paleoclimatic reconstructions (Gat 1996) . For paleotemperature reconstructions, there are some methodologies and proxies that are already established, such as microfossil assemblage-based transfer functions and Mg/Ca ratios from foraminifera tests or Sr/Ca for coral (Elderfield and Ganssen 2000 , Nurhati et al. 2011 , rohling 2007 . however, proxies for salinity are still in development, especially to reduce the sources of uncertainty (which can be up to 4 psu) due to changes in regional freshwater budgets, ocean circulation and sea ice regimes (holloway et al. 2015 (holloway et al. , Schmidt 1999 .
One of the most common methods to estimate paleosalinities is the residual method that is based on the use of paired δ 18 O and Mg:Ca from foraminifera shells to estimate δ 18 O from past seawater (Mulitza et al. 2003) , which should still be corrected to sealevel changes (Waelbroeck et al. 2002) in order to produce an ice volume-free seawater oxygen isotope composition (δ 18 O ivf-sw ), which is finally a proxy for sea surface salinity (SSS) . Although δD of long-chain biomarkers (alkenones) have also been used for SSS reconstruction (Englebrecht and Sachs 2005, Schouten et al. 2006) , some studies have shown that this proxy was not sensitive (häggi et al. 2015) . In addition to salinity, the δ 18 O sw and δD sw isotopes are controlled by physical fractionation (e.g., the hydrologic cycle and water masses mixtures) (LeGrande and Schmidt 2006), and given the strong empirical relationship between the salinity and δ 18 O sw , it is possible to reconstruct the past salinity from the δ 18 O sw of seawater (Conroy et al. 2014) .
In oceanic regions with a positive E-P (Evaporation-Precipitation) balance, there is enrichment in the superficial ocean layer due to preferential evaporation of the lighter species (Meredith et al. 1999 ). On the other hand, river discharges, high precipitation and ice melting are related to regions with depleted values of δ 18 O sw (Redfield and Friedman 1965) . On a geologic time scale, the glacial boundary conditions influence the isotopic composition of the oceans due to the storage of lighter δ 18 O and δD isotopes in the ice sheets, which is known as global ice volume effect. However, during interglacial periods, this effect was reversed (holloway et al. 2015) .
Because salinity and δ 18 O sw are controlled by the same processes, they show a quasilinear relationship, and the slope is dependent on the kinetic processes acting in the water mass formation area. then, after the water mass sinks, the relationship remains stable throughout the water mass lifetime (Craig and Gordon 1965) . According to Schmidt (1999) , the global mixing line between δ 18 O sw and salinity can be used as an approximation only in mid to high latitudes, since the scatter for the tropical samples could be up to 0.13‰. therefore, An Acad Bras Cienc (2019) 91(3) e20180226 3 | 15 regional mixing lines become essential pieces in paleoclimatic studies in the equatorial and tropical regions. holloway et al. (2015) suggested that regions with marked variability in the evaporationprecipitation budget and strong oceanographic dynamics need additional constraints to establish good salinity and δ 18 O sw relationships on spatial and temporal scales. On the other hand, South Atlantic, Indian and Tropical Pacific Oceans have more reliable paleosalinity reconstructions without the need of additional constraints. Despite the importance of the Southwest Atlantic Ocean for thermohaline circulation and the global climate through in the South Atlantic Meridional Overturning Circulation (SAMOC), only a few studies have been carried out in this area using stable isotopes. For example, GEOSECS was conducted in the South Atlantic focusing on open waters (Kroopnick 1980 , Ostlund et al. 1987 and an independent work of Pierre et al. (1991) focused on a small offshore area of the southwestern Atlantic. None of these papers were focused on paleoclimatic applications. the aim of the present study was to investigate the distribution of the stable isotopes (δ 18 O sw and δD sw ) at the Western tropical South Atlantic border, from the continental shelf to slope, in order to better understand the main fractionation processes of these isotopes and establish a regional salinity and δ 18 O sw relationship to improve paleoceanographic knowledge in the study region.
OCEANOGRAPHIC SETTINGS
the eastern Brazilian continental margin is typical for its reduced width and shallow depths when compared with other parts of the Southwestern Atlantic margin, due to low continental erosion rate and the small area of marine sedimentation. In addition, the constant presence of the Brazil Current flowing towards the southwest parallel to the shelf and the North Brazil Current flowing equatorward transporting warm and saline tropical Water gives the region an essentially oligotrophic character, which diminishes the genesis of biogenic material that make up most of the sedimentary bottoms in the southeastern Brazilian continental shelf (Knoppers et al. 1999) . the bifurcation of the South Equatorial Current (SEC) occurs at about 10°-14°S near the surface and the continental shelf width varies from 42 km off Maceio to 8 km off Salvador, with an average of 30 km (Fig. 1) .
The offshore region of the eastern Brazilian margin has a complex flow pattern according to the different depth levels. To simplify the understanding of this process, Stramma and England (1999) divided the upper ocean vertically into three distinct layers: i. Surface (0-150 m); ii. Pycnocline (150-500 m), and; iii. Intermediate (500-1000 m). these layers are directly related to the main water masses of the South Atlantic Ocean, which are brought to the Brazilian coast by the SEC in their respective depths. In addition to these three layers, there is a fourth layer that must be considered, which is located in the abyssal plains, known as the deep layer.
At the surface layer, the Coastal Water (CW) is characterized by high temperatures and low salinities due to river inflow, mixing with the offshore Tropical Water (TW), which shows the highest salinity due to the high evaporation rates at the study area. Along the pycnocline, the South Atlantic Central Water (SACW) has a peculiar linear t-S (temperature and Salinity) relationship through the thermocline, characterized by a straight line between the points t-S 5°C 34.3 and 20°C 36.0 (tomczak and Godfrey 2003, Stramma and England 1999) . In the intermediate ocean, the Antarctic Intermediate Water (AAIW) is identified by the salinity minimum in the t-S diagram, whereas the North Atlantic Deep Water (NADW) has a high salinity and dissolved oxygen content signature in the deep ocean. Underneath the NADW, the Antarctic Bottom Water (AABW) can be found (2019) 91(3) e20180226 5 | 15 very close to the seafloor with its cold and dense waters (Stramma and England 1999) . regarding ocean circulation, the South Equatorial Current dominates the region as an important current system that approaches the Brazilian coast from the east Atlantic. On the surface, the southern branch of the South Equatorial Current (also known as sSEC) reaches the shore between 10-14°S, bifurcating into two opposing flows (Stramma and England 1999) . The south branch originates in the Brazil Current (BC), whereas the northern forms a subsurface flow called the North Brazil Under Current (NBUC) (Stramma et al. 1995) . At approximately 5°S, the central branch of the SEC approaches the Brazilian coast becoming the North Brazil Current (NBC), which will overlap NBUC, transforming it into an intensified superficial flow (Schott et al. 1998, Stramma and England 1999) that borders the north/ northeast Brazilian coast ( Fig. 1 ). As the NBC/ NBUC carry warm waters of the South Atlantic across the equator, they play an important role in the transport of heat between the hemispheres as part of the meridional overturning circulation (Johns et al. 1998) .
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the processes which control the circulation within the Eastern Brazilian Margin are (i) the trade winds, present all year long, originated from the South Atlantic high pressure cell. During the Winter it blows E-SE north of the 20S. this convergence zone migrates to the north during the Summer, reaching about 12S; (ii) the Intertropical Convergence Zone (ItCZ), a region of low-level mass convergence and intense rainfall (Philander et al. 1996) and which changes its position seasonally, getting closer to the northeast Brazilian coastline during the Summer and autumn seasons, and moving to the north during the Winter and spring seasons (Schneider et al. 2014) .
While these two currents (BC and NBC) flow southward and northward, respectively, a latitudinal fractionation gradient is expected on the surface associated with the different local hydrological patterns as they move away from each other. therefore, tools to better reconstruct the paleocirculation in this specific area are essential to understand the patterns in the heat exchange between hemispheres and thus the global climate changes on large temporal scales.
MATERIALS AND METHODS

CrUISE SAMPLING
the hydrographic data and seawater samples used in this study were collected during a quasisynoptic oceanographic cruise conducted during austral Winter in the rV Antares from the Brazilian Navy, from June 04 to 19, 2013 (15 days), along the southwest Atlantic in the northeastern Brazilian continental shelf between 14°S and 4°S, cruising in transects from coastal waters to offshore (~2000 m depth) and sampling in variable depths (Fig. 1 ). During this survey, 98 discrete seawater samples from the surface up to 2000 m depth were collected from a total of 91 CtD stations. the vertical levels sampled for the stable isotope analysis were chosen as representative of the core of the water masses present in each profile (i.e. CW, TW, SACW, AAIW and NADW). These water masses were identified by their t-S pairs from literature as described below.
the oceanographic stations used a SBE9 plus CtD coupled in a rossette with 8 Niskin bottles (5 L each). Seawater samples for the analysis of conductivity were collected and analyzed in duplicate with the Guideline Portasal model 8410A for comparison and subsequent calibration of the CtD sensors.
LABOrAtOrY ANALYSES the seawater samples for the stable isotope analysis were stored in 100 ml amber vials and fixed with 1 ml of a saturated mercuric chloride solution. Each water sample was analyzed for the oxygen and hydrogen stable isotopes of seawater. Abundances were reported in δ notation in parts per thousand:
For the δ 18 O sw and δD sw analyses, a CrDS (Cavity ring-Down Spectrometer) (Berden and Engeln 2009 ) was used and VSMOW (Vienna Standard Mean OceanWater) as primary reference. the CrDS consists of a Laser System (Model L2120-IPicarro) containing a resonant cavity ring-down type. Thus, 2 μl aliquots of water were injected into a vaporizer at 110°C to produce water vapor that was sent to the analyzer along with a carrier gas N2. Each measurement was based on the decay time of the light beam intensity, enabling the user to determine the absorption coefficient and measure the isotopic hydrogen and oxygen ratios simultaneously.
Each sample was measured 8 times, and the first 3 were discarded to avoid memory effect. The δD sw and δ 18 O sw values were calculated in relation to the primary standards of the International Atomic Energy Agency (IAEA): VSMOW, SLAP and GISP and accuracy of the measurements was 0.3 ‰ and 0.05 ‰ for δD sw and δ 18 O sw , respectively.
IDENtIFICAtION OF WAtEr MASSES AND thEIr t-S PAIrS
In order to identify the water masses present in the study area, we assume a specific thermohaline coefficient (t-S pair) for each water mass, thus allowing the calculation of the proportions of each type of water for individual samples ) using the classic method of the mixing triangle (Pickard and Emery 1990) . Due to the natural regional variations in the thermohaline index for surface waters, a set of historical oceanographic stations of the World Ocean Database in the study area was used to define the T-S pairs of CW and tW; for the deeper waters (SACW, AAIW and NADW) the literature-based t-S pairs were used.
The thermohaline coefficients are: CW (T=29°C, S=35), tW (t=28.4°C, S=38), SACW (t=13°C, S=35.2), AAIW (t=3.6°C, S=34) and NADW (t=4°C, S=35.1) (tomczak and Godfrey 2003, Stramma and England 1999) .
As a quality control procedure and considering the well-established linear relationship between δ 18 O and δD (Craig 1961), we excluded the samples outside three times the 95% confidence interval. The δ 18 O sw , δD sw , salinity and temperature distributions will be presented and the main fractionation processes occurring in the Southwest Atlantic Ocean will be investigated in the following section.
SALINItY: δ 18 O SW COMPArISONS tO PALEOCEANOGrAPhIC rECONStrUCtIONS to validate the results obtained in our study, we compared the current Salinity: δ 18 O sw ratio found by this study along with the primary data of Pierre and Ostlund, and the equation used by toledo et al. (2007) , which estimates the sea surface salinity based on the oxygen isotope composition of Globigerinoides ruber (white). All of these works are based on data from the upper Southwest Atlantic Ocean (<250 m). toledo et al. (2007) used an equation obtained from previous data available from NASA/GISS (also using data from Pierre et al. (1991) and Ostlund et al. (1987) , among others), converted from PBD (Pee Dee Belemnite) to V-SMOW using the -0.27 factor (hut 1987):
RESULTS
In order to compare our δ 18 O sw and t-S data in the regional context with literature, δ 18 O sw data available in the NASA/GISS Global Seawater Oxygen-18 Database ) from the South Atlantic Ocean (Pierre et al. 1991 , Ostlund et al. 1987 were used. As explained in the introduction, the study by Pierre et al. (1991) was conducted in a narrow area between 21.9°S and 26.5°S latitude during the austral Summer, from December 1987 to January 1988 sampling from surface to ~2000 depth; whereas Ostlund et al. (1987) data were obtained between October and November 1972 sampling only one full profile (surface to ~2000) near 21°S and the remaining data from surface samples only along the GEOSECS section (Fig. 1) . thereafter, these works will be referred as Pierre and Ostlund, respectively. Although recent isotopic data on the southeast Brazilian coast have been published by Venancio et al. (2014) , this dataset is not comparable because it refers to a coastal upwelling area under the influence of different continental and internal processes. All δ 18 O sw , δD sw and salinity data presented here will be submitted to NASA/GISS to improve the coverage of isotopic data for the South Atlantic Ocean. (table SI) . the samples were separated by water mass according to the major contribution obtained after the mixing triangle analyses. this dataset is a good representation of the isotopic vertical distribution up to 2000 m depth, and was well distributed between the water masses (a total of 34 tW samples, 21 SACW samples, 18 AAIW samples and 20 NADW samples, except for the 5 CW samples).
Following the well-established δD sw and δ 18 O sw linear relationship (Merlivat and Jouzel 1979), we found at the surface layer a moderate correlation (r²= 0.55, n=27), and at the intermediate and deeper layer, a stronger correlation (r²=0.94 and 0.81; n= 33 and 38, respectively). The δ 18 O sw :δD sw relationship for the whole dataset is presented in Figure 2 with a strong linear correlation (r 2 =0.94, n=98), which indicates that all of the future considerations regarding the δ 18 O sw can be extrapolated to δD sw including the Salinity and δ 18 O sw relationship.
Because the slopes and intersection points for each of the layers were very similar (α=7.05, 7.02 and 6.91; b= -0.49, -0.67 and -1.4, respectively), we propose a mixing line gathering together the entire dataset (δD sw = 7.62* δ 18 O sw -1.18) (Fig.  2) . this mixing line has a slope very close to the Meteoric Water Line (MWL:α=8) (Craig 1961), which represents the average relationship between hydrogen and oxygen isotope ratios in natural waters.
Following the Salinity and δ 18 O sw relationship, the vertical δ 18 O sw profile has a similar pattern to salinity (Fig. 3) . the upper layer, corresponding to tW, is characterized by a maximum with values up to 1.34‰ and controlled mainly by the E-P balance (Craig and Gordon 1965) . Along the SACW layer, there is a consistent depletion of this isotope from 1.13‰ at 180 m to 0.19‰ at 700 m. this behavior follows the temperature and salinity profile tendency in the thermocline. The δ 18 O sw minimum is associated with the positioning of AAIW, which is characterized by minimum salinity derived from the sea melt and high precipitation rates in the Antarctic Divergence region (tomczak and Godfrey 2003), which reduces the levels of δ 18 O sw (up to -0.33‰). Below 1000 m depth, a slight increase of the δ 18 O sw and salinity levels associated with the NADW layer can be observed.
Still, in Fig. 3 , the profile obtained in the present study has a large vertical variation that can be explained by the larger sample set (n=98 compared to the 68 and 24 measurements in Pierre and Ostlund, respectively), which provided a better resolution and consequently captured the natural environmental noise. Until 2000 m depth (the sampling limit of the present study), all three profiles are significantly aligned, which described a general and consistent vertical profile pattern for the South Atlantic Ocean.
As explained in the Oceanographic Settings, the bifurcation zone of the south and central branches of the SEC is located in the region between 5-14°S in the Winter. Additionally, the Intertropical Convergence Zone (ItCZ) is positioned in its northward position. thus, it can be considered that during the present sampling period, there is no mesoscale process acting in the region and this consequently controls the physical isotopic fractionation. To verify the influence of the continental discharge on the isotopic content, the isotopic distribution was also analyzed in regard to the distance of the coast, and no pattern was clearly detected (Supplementary Material, Figure  S1 ). this means that no evidence was found for the existence of a cross shelf fractionation pattern of the δ 18 O sw and δD sw in this region, probably due to a low contribution of river discharge.
Because δ 18 O sw and Salinity are strongly correlated and basically controlled by the same processes, a similar latitudinal behavior for these variables was expected, as suggested by Craig and Gordon (1965) . however, the latitudinal distribution of the surface δ 18 O sw and salinity for the Southwestern tropical Atlantic (Fig. 4) showed that the salinity has a well-defined distribution with a maximum center near 15°S, corroborating the salinity budget proposed by Gordon and Piola (1983) , whereas the δ 18 O sw data revealed its highest levels near 25°S (Pierre et al. 1991) .
Previous studies of Pierre and Ostlund contributed to regional analysis of latitudinal fractionation, although hampered by the lack of regular spatial distribution. Nevertheless, combining the results of this work with these historical observations made it possible to validate the latitudinal separation of the Salinity and δ 18 O sw relationship. As pointed out by Gordon and Piola (1983) , northward the salinity maximum zone, the salinity and δ 18 O sw have a similar decreasing tendency, which is most likely controlled by the high precipitation rates near the equator. however, south of 15°S, salinity has a strong increasing trend whereas the δ 18 O sw levels are nearly stable (increase of 0.007‰ for each latitudinal degree). Fig. 5 shows the means and standard deviations of values δ 18 O sw and Salinity for each water mass and considering only the samples with 60% or higher of a specific water mass. The seasonal fluctuation signal as a result of a δ 18 O sw enrichment coupled to a freshwater input in the Southwestern tropical Atlantic Ocean can be identified by the wide error bar in the tW salinity.
DISCUSSION
Significant differences in salinity between ocean basins are apparent, especially the relatively higher salinities of the Atlantic Ocean. In part, this difference is due to the continental distribution in the ocean basins. the narrowing of the Atlantic contributes to higher evaporation rates, and consequently higher salinity values, since a large fraction of its surface area is influenced by continental dry air (Gordon et al. 2015) . The δD:δ 18 O sw relationship can be used as an indicator of the local E/P ratio, and δ 18 O sw and salinity are also used for this purpose. Schmidt (1999) demonstrated that smaller slope in mixing lines are characteristic of evaporative areas (in opposite, regions with a high rainfall rate have steeper lines). however, most of the uncertainties surrounding the relationship between salinity and the stable isotopic composition of seawater are due to the lack of seawater isotope data (Conroy et al. 2014) . the results of this study (93 new paired measures), when compared to the relationships obtained by Pierre and Ostlund, show differences in relation to the Winter (this study) and Summer (Pierre and Ostlund) line, reinforcing the argument of Schmidt (1999) , considering the comparatively greater quantity of samples from this study. the weaker correlation in the surface, as shown in Fig.  2 , can be an indicator that the hydrologic cycle (precipitation and evaporation) is not the only control in the δ 18 O sw :δD sw relationship for this region and other forcing (i.e., advection and lateral Gordon and Piola 1983) . the black symbols represent the present data, the white ones represent Pierre et al. (1991) , the grey are Ostlund et al. (1987) data and the lines are the general trends (4 th degree polynomial). mixing) may have importance, as also found by hasson et al. (2013) working in similar areas in the Pacific Ocean. Due to the different vapor pressure kinetic enrichment (fractionation factors) between δ 18 O sw and δD sw , evaporative regions have a smaller slope than the MWL (Craig and Gordon 1965 , Gat 1996 . thus, the steepening can be used as an indicator of the local E/P ratio and the slope of 7.62 found here suggests that this region has a small evaporative tendency. rohling (2007) analyzed 244 samples collected worldwide and proposed a similar equation (δD sw = 7.37* δ 18 O sw -0.72). In both studies, the "deuterium excess" is slightly negative, which was already expected because it is relative to the average ocean water composition, referred to as the VSMOW (rohling 2007, Kendall and Caldwell 1998) .
this is an important tool because the use of δD sw is gaining increasing attention in recent paleosalinity studies, considering that the combined use of the δ 18 O sw and δD sw measurements may reduce uncertainty and quantitatively improve the paleosalinity reconstructions (Conroy et al. 2014 (Conroy et al. , holloway et al. 2015 . For example, rohling (2007) proposed a new methodology for the combined use of δ 18 O sw :δD sw , restricting the impact of the hydrological cycle and thus characterizing changes in the surface water salinity, showing that paleosalinity reconstructions are possible with an uncertainty of 1 unit of practical salinity, especially in areas with high excess of deuterium values.
A clear separation regarding the salinity content of each water mass was observed in Fig.  5 . However, the δ 18 O sw d id not show a distinct signature for each water mass because it is not possible to distinguish the water masses based only on their isotopic signatures. that isotopic signature masking can be attributed to the large distances between the study area and the sinking areas where those water masses were formed, which masked their initial isotopic characteristics. Despite the overlap in the standard deviations intervals, the current data have a widely scattered distribution if compared to the Pierre et al. (1991) and Ostlund et al. (1987) datasets, which suggests that in a regional scale the water masses do not have a homogeneous isotopic composition. thus, the broader geographic distribution may reflect a natural larger dispersion of the isotopic data. Furthermore, the δ 18 O sw average values obtained by Pierre and Ostlund were higher than in the present work, especially at the surface. this seems to be a response from a seasonal variation pattern. the probable cause for this shift in the Salinity and Fig. 5 get closer in layers with salinities near 34 and deviate in the high salinity layers, which is consistent with the seasonal differences in evaporation-precipitation budget and reinforced by the fact that the comparison datasets from Pierre and Ostlund are concentrated in austral Summer and this study in austral Winter. For example, a salinity of 37 (typical oceanic surface layer salinity) would have a difference of -0.43‰ between the Winter and Summer lines. however, for the layer of 35 psu, the difference becomes -0.16‰. This shows that the ratio is maintained in the deeper layers and has a larger variation in surface, which is most likely due to the evaporation and precipitation seasonal effects active in this layer.
the steeper slope of the Summer line indicates a negative E-P balance (Schmidt 1999) , which should imply a δ 18 O sw depletion (Meredith et al. 1999) . however, as shown above, the Summer line (especially the surface section) has higher δ 18 O sw levels than the Winter line, corroborating with the hypothesis that the increased volume of tropical Water via Brazil Current may be responsible for the Summer δ 18 O sw enrichment and the seasonal shift in the Salinity:δ 18 O sw surface relationship. Additionally, the fact of the Coastal Water signature (collected in the Winter) falls exactly in the Summer line as an indication that this relationship is somehow influenced by the continental freshwater influx. Where excess freshwater intake is lowering salinity and stabilizing the upper ocean, mixing by mechanical turbulence is inhibited. Large enough freshwater inputs may lead to the formation of "barrier layers" in which a strong halocline inhibits the vertical exchange between the blend layer and the thermocline. Lukas and Lindstrom (1991) describe the barrier layer phenomena in the tropical Pacific, where the ITCZ is the source of fresh water. the tropical Atlantic also has barrier layers, where river discharge waters play a prominent role (hu et al. 2004) . the strong oceanographic component (advection) in the North Brazil Current (NBC), associated with the spatial and temporal variability of the ITCZ influence may contribute to the absence of isotope variation with the shoreline distance.
The δ 18 O sw and salinity ratio varies temporally and spatially because all freshwater input to the ocean from precipitation and river inflow has a 0 psu whereas the δ 18 O sw has distinct signatures at different latitudes (Bigg and Rohling 2000) , and the freezing and melting processes distinctly influence these tracers (Tan and Strain 1980) . This is one of the most controversial limitations of the paleosalinity residual estimative method, since it assumes the δ 18 O sw and the salinity relationship remains constant through time and space (toledo et al. 2007) .
these spatial variations result in more reliable regional Salinity and δ 18 O sw relationships (LeGrande and Schmidt 2006) instead of a Global Mixing Line because they can better represent the local interactions between these two variables. Additionally, and due to the lack of seawater isotopic data, efforts to understand the seasonal variation of this relationship are constrained to a few locations. We compared the present Salinity and δ 18 O sw relationship against the Pierre and Ostlund data and the equation used by toledo et al. (2007) , as shown in Fig. 6 .
Based on the results found here, the seasonal variation of Salinity:δ 18 O sw can generate paleosalinity uncertainties of 0.2 psu in the residual method estimate. the present dataset made it possible to compare the Salinity:δ 18 O sw seasonally for the Southwestern tropical Atlantic and the differences found are significant for the paleosalinity reconstructions, which opposes the idea that the South Atlantic would have a spatial and temporal constant Salinity and δ 18 O sw relationship (holloway et al. 2015) .
Given the limitations of the current techniques to seasonally separate the samples for paleoceanographic studies, it seems more reasonable to use an averaged mixing line, which, in general, is intended to reduce errors in the paleosalinity estimations. In this regard, we propose SSS= 1.942* δ 18 O sw + 34.56 as the Mixing Line to be used for future paleostudies in the tropical South Atlantic Ocean. however, attention is needed regarding the paleosalinity estimation errors associated with the seasonal variations that were presented in this work.
CONCLUSIONS
the 93 new paired data points presented in this paper will help to improve the isotopic coverage for the South Atlantic. We found a strong correlation between δ 18 O sw and δD that makes it possible to extrapolate the results for δ 18 O sw to δD. Although it was not possible to distinguish the water masses based only on their isotopic signatures, the δ 18 O sw vertical profile was proposed, which was also strongly associated with the salinity vertical distribution.
A difference in the Salinity and δ 18 O sw relationship was found between 25°S and 5°N, which may be associated with seasonal changes in the transport of the western boundary currents (i.e. BC). This typical Summer and δ 18 O sw contribution could be responsible for the seasonal Salinity:δ 18 O sw variation, but more data are needed to confirm the role of the BC on the temporal variability of the Salinity and δ 18 O sw relationship.
This paper has demonstrated that the δ 18 O sw and salinity relationship for the Western tropical South Atlantic has a seasonal variation pattern that might lead to paleosalinity differences of up to 0.2 psu between Summer and Winter. Considering the limitations of working with seasonal effects in the paleoceanographic studies, an intermediate Salinity:δ 18 O sw Mixing Line for the Southwestern Atlantic was proposed to reduce the estimative errors associated with these seasonal fluctuations.
